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Telomerase reverse transcriptase (TERT) 
activities are frequently upregulated in 
human cancers, which is thought to be 
an important mechanism contributing 
to human tumorigenesis.1,2 Mutations 
in the TERT promoter were recently 
reported in melanomas.3,4 Two of them, 
1,295,228 C > T and 1,295,250 C > T 
(termed C228T and C250T, respectively), 
were particularly common. These muta-
tions were found to be absent in benign 
tumors and normal human population. 
Here, we investigated these mutations in 
bladder cancer and glioblastoma. Use of 
primary bladder cancer and glioblastoma 
tissues was based on institutional review 
board-approved protocols. Genomic DNA 
from tumor tissues was isolated using 
standard procedures of protease K diges-
tion, phenol-chloroform extraction and 
ethanol precipitation. A fragment of the 
TERT promoter was amplified by poly-
merase chain reaction (PCR) using prim-
ers 5'-AGT GGA TTC GCG GGC ACA 
GA-3' (sense) and 5'-CAG CGC TGC 
CTG AAA CTC-3' (antisense), result-
ing in a PCR product of 235 bp, which 
contained the sites of C228T and C250T 
mutations. Amplification PCR was per-
formed with an initial denaturation at 
95°C for 3 min, followed by 10 cycles 
of 95°C denaturation for 30 sec, 55°C 
annealing for 30 sec and 68°C elongation 
for 1 min. This was followed by 30 cycles 
of the same settings except for the elon-
gation for additional 5 sec in each cycle. 
Quality of PCR products was confirmed 
by gel electrophoresis. Sequencing PCR 
was performed using a Big Dye terminator 
v3.1 cycle sequencing ready reaction kit 
(Applied Biosystems) and an ABI PRISM 
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3730 automated next generation genetic 
analyzer (Applied Biosystems). Mutations 
were confirmed by repeating amplification 
PCR and using both primers in the Big 
Dye sequencing.

As summarized in Table 1, we found 
highly prevalent TERT promoter muta-
tions in bladder cancer, bladder cancer 
cell lines and glioblastoma. C228T was 
far more common than C250T in all 
cases. Specifically, we found C228T in 
81% (42/52) of bladder cancer samples 
and C250T in 4% (2/52) of samples. The 
two mutations were mutually exclusive 
in bladder cancer and were collectively 
found in 85% (44/52) of samples. C228T 
was found in 88% (7/8) of bladder can-
cer cell lines, and no C250T was found 
in these cell clines. We found C228T in 
65% (48/74) of glioblastoma samples and 
C250T in 19% (14/74) of samples. The 
two mutations were also mutually exclu-
sive in glioblastomas and were collectively 
found in 84% (62/74) of samples.

During this study, a report came online 
also showing common TERT promoter 
mutations in bladder cancer and glioblas-
toma,5 consistent with our findings. TERT 
promoter mutations were examined in a 
small number (21 cases) of bladder can-
cer samples in that study.5 Our study on 
a large number of cases demonstrated a 
high prevalence of TERT promoter muta-
tions in bladder cancer, establishing the 
common occurrence of these mutations 
in bladder cancer. This prevalence of 
85% is unusually high for somatic muta-
tions in any human cancer. We also found 
a higher prevalence of TERT promoter 
mutations in glioblastoma than that in the 
recent report,5 which, like the prevalence 

of TERT promoter mutations in bladder 
cancer, is also unusually high for somatic 
mutations in any human cancer. Our 
finding of the high prevalence of TERT 
promoter mutations in bladder cancer and 
glioblastoma helps establish the common 
occurrence of this genetic alteration in the 
two cancers. Given the high prevalence, 
it is safe to assume that TERT promoter 
mutations play an important role in the 
tumorigenesis and pathogenesis of bladder 
cancer and glioblastoma.

With the high prevalence, testing of 
TERT promoter mutations for the diag-
nosis of bladder cancer and glioblastoma 
would be expected to have a high sensi-
tivity. As these mutations are only found 
in cancers,3-5 testing of TERT promoter 
mutations are likely to be also highly 
specific for bladder cancer and glioblas-
toma. Both the C228T and C250T muta-
tions create an 11-base nucleotide stretch 
5'-CCC CTT CCG GG-3', which con-
tains a consensus binding site, GGAA 
(in reverse complement), for ETS tran-
scription factors. This has strong func-
tional implications for these mutations; 
it is expected that these TERT promoter 
mutations would lead to upregulation of 
TERT through the action of ETS tran-
script factors in bladder cancer and glio-
blastoma. Indeed, the two mutations were 
demonstrated to confer upon the TERT 
promoter increased transcriptional activ-
ity.3,4 As such, these TERT mutations may 
be novel prognostic factors and therapeu-
tic targets for bladder cancer and glioblas-
toma. Thus, the discovery of these TERT 
promoter mutations has strong clinical 
implications for the development of novel 
diagnostic, prognostic and therapeutic 
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strategies for bladder cancer and glioblas-
toma as well as other cancers that may har-
bor these mutations (Fig. 1).
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Figure 1. TERT promoter mutations in bladder cancer and glioblastoma. shown are representa-
tive electropherograms of the wild-type TERT promoter and two TERT promoter mutations as 
indicated for bladder cancer and glioblastoma. the upper portion of the figure shows electro-
pherograms of the sense sequences of the wild-type dNA and the nucleotide changes of the two 
mutations in the two cancers. the lower portion of the figure shows the electropherograms of the 
antisense sequences of the wild-type dNA and the nucleotide changes of the two mutations in 
the two cancers.

Table 1. TERT promoter mutations in bladder cancer and glioblastoma

Tumor types
TERT promoter mutations

1,295,228 C>T (C228T) n/N 
(%)

1,295,250 C>T (C250T) n/N 
(%)

Overall n/N (%)

Bladder cancer 42/52 (80.77) 2/52 (3.85) 44/52 (84.62)

Bladder cancer cell lines 7/8 (87.50) 0/8 (0.00) 7/8 (87.50)

Glioblastoma 48/74 (64.86) 14/74 (18.92) 62/74 (83.78)




